A detailed phytochemical investigation of the dichloromethane extract of the aerial parts of Hypericum maculatum Crantz. led to the isolation of four new (2-5) and six known (1a/b, 6-10) polyprenylated phloroglucinol derivatives. The new compounds were identified by means of spectral methods (MS, NMR, IR, UV) (4) and (E)-2-(3,7-dimethylocta-2,6-dien-1-yl)-5-hydroxy-4-(3-methylbut-2-en-1yl)-3,6-dioxocyclohexa-1,4-dien-1-yl 2-methylbutanoate (5). The known compounds have been identified as hyperpolyphyllirin/hyperibine J (1a/b), erectquione A (6), (E)-1-(3-(3,7-dimethylocta-2,6-dien-1-yl)-2,4,6-trihydroxyphenyl)-2-methylpropan-1-one (7), (E)-1-(3-(3,7-dimethylocta-2,6-dien-1-yl)-2,4,6-trihydroxyphenyl)-2-methylbutan-1-one (8), 1-(5,7-dihydroxy-2-methyl-2-(4-methylpent-3-en-1-yl)chroman-8-yl)-2-methylpropan-1-one (9) and 1-(6,8dihydroxy-1,1,4a-trimethyl-2,3,4,4a,9,9a-hexahydro-1H-xanthen-5-yl)-2-methylpropan-1-one (10). The stereochemistry of 1a is described for the first time. The cytotoxicity of 1-6 on SKW-3, BV-173 and K-562 tumor cell lines was determined using MTT based assays.
The genus Hypericum L. (Hypericaceae) includes more than 480 species that are found in every continent of the world, except Antarctica [1] . H. maculatum Crantz. is widespread in all Bulgarian mountains and many other European countries. This species has been used in traditional medicine as either an equivalent to or substitute for the official herbal drug Hyperici herba and is given in several pharmacopoeias together with H. perforatum as a source of this drug [2] . In previous phytochemical studies of this plant, the presence of the naphthodianthrones hypericin and pseudohypericin, the acylphloroglucinol hyperforin, flavonoids, xanthones, as well as benzophenones have been established [3] . As part of our ongoing research on the phytochemistry of Hypericum species, four new (2-5) and six known (1a/b, 6-10) polyprenylated phloroglucinol derivatives (Figure 1) were isolated from the dichloromethane-(CH 2 Cl 2 )-extract of H. maculatum. In addition, the cytotoxicity of the new compounds on SKW-3, BV-173 and K-562 tumor cell lines was established using MTT based assays.
The CH 2 Cl 2 -extract of H. maculatum was subjected to VLC fractionation on silica gel. Further subsequent chromatographic procedures led to the isolation of ten polyprenylated phloroglucinol derivatives (Figure 1 ). The structures of these compounds were elucidated by means of NMR, MS, IR and UV spectral techniques and comparison with literature data. The signals in the 1 H-and 13 C-NMR spectra of the isolated compounds were unambiguously assigned using 2D NMR techniques, i.e. COSY, HSQC and HMBC. Multiplicities were determined using 1 H-and HSQC spectra.
Compound 1a/b was isolated as colorless oil and degraded very quickly, especially in non-protic solvents. In order to make more stable derivatives, 1a/b was treated with CH 2 N 2 . The methylation process gave two products 1c and 1d in a ratio ca 1:3 ( Figure 2 ) pointing to the original presence of two tautomers 1a/b. The molecular formula of 1c was established as C 32 H 48 O 4 on the basis of HR-ESI-MS and indicated nine degrees of unsaturation. The IR spectrum showed absorption bands at 1725 and 1648 cm -1 pointing to the presence of carbonyl groups. The 13 C NMR spectrum of 1c (Table 1) exhibited signals for 32 carbons, including eleven quarternary (including three carbonyl, four olefinic, and one oxygenated sp 2 carbon), five methines, five methylenes, and eleven methyls (including one oxygenated). These data indicated the characteristic signals of an acylphloroglucinol core with two nonconjugated carbonyl groups [δ C 208.1 (C-9), δ C 206.6 (C-10)], a 1,3-keto-enol system [δ C 169.9 (C-2), δ C 123.2 (C-3), δ C 196.7 (C-4)], and two quaternary carbons at δ C 78.3 (C-1), and δ C 60.3 (C-5) [4] . , and δ C 47.3 (C-8), which is strong evidence for locating the second isoprenyl at C-7. The chemical shift difference of H ax -6 and H eq -6 (Δδ H 0.58) indicated, together with the chemical shift of C-7 (δ C 44.0), that this isoprenyl group is exo orientated [5] . This was also evidenced by NOESY correlations of methyl protons Me-25 (δ H 1.04, s) with H 2 -20 and H ax -6 (δ H 1.31, dd, J = 13.8, 13.6 Hz) ( Figure 3 ). correlations between C-27 (δ C 25.2) and H 2 -26, as well as C-26 (δ C 37.6) and H 2 -27 suggested that the third isoprenyl was connected to C-26. The protons of Me-25 (δ H 1.04, s) and H 2 -26 showed HMBC cross peaks with C-8, which is typical for the location of both groups in a bicyclo[3.3.1]nonane skeleton. The former signal gave a cross peak with H ax -6 in the NOESY spectrum (Figure 3 ), which is possible only when Me-25 is axially orientated. The three-proton singlet at δ H 1.21 (Me-19) showed HMBC correlations with two carbonyls at δ C 196.7 (C-4) and δ C 208.1 (C-9), to a methylene at δ C 42.2 (C-6), as well as to a quaternary carbon at δ C 60.3 (C-5) pointing out that Me-19 is a substituent of C-5.The three-proton singlet of the artificial methoxy group at δ H 4.03 gave a cross peak with the carbon signal of C-2. Finally, the remaining isobutyryl side chain has to be located at C-1. According to the evidence given above the structure of 1c was established as methoxyhyperpolyphyllirin. The second product of the methylation process (1d) showed similar spectra (UV, IR, MS and NMR) to those of 1c. The only difference between 1c and 1d was the position of the methoxy group pointing to the presence of two tautomers in the case of 1a/b. In the 1 H NMR (Table 2 ) spectrum the signal appeared at δ H 3.91 (3H, s) and gave long-range correlation with a carbon signal at δ C 173.2 (C-4). In a similar manner the structure of 1d was established as methoxyhyperibine J. Of the tautomeric mixture (1a/b) 1a is identical to hyperpolyphyllirin, a polyprenylated acylphloroglucinol recently found in H. polyphyllum, while 1b is identical to hyperibine J, recently isolated from H. triquetrifolium [6] . Interestingly, for 1a neither the stereochemistry nor the presence of a tautomeric mixture has been known as it has been identified in a metabolic approach with LC/MS and NMR using 1 H, HSQC and HMBC. In addition, the presence of a tautomeric mixture has not been reported for 1b, as well [6].
Polyprenylated phloroglucinols from Hypericum maculatum Natural Product Communications Vol. 10 (7) 2015 1233 The molecular formula of compound 2 was established as C 25 H 34 O 5 from its HR-ESI-MS, which showed a protonated molecular ion peak at m/z 415.2479. The presence of a 2,5-dihexadiene-1,4-dione skeleton was suggested by the observed UV (277, 210 nm) and IR (1664, 1646, 1633, 1452 cm-1) absorptions [7] . Its IR spectrum also showed absorption bands for a hydroxyl group, as well as for ester carbonyl at 3390 and 1760 cm -1 , respectively. Treatment with an alkaline solution of 2 gave compound 6, which was identified as erectquione A [7] . The 1 H-and 13 C-NMR spectral data (Tables 3  and 4 ) revealed the presence of one isoprenyl group (C-17 -C-21), one geranyl (C-7 -C-15) and one isobutyryloxy side chain (C-1' -C-4'). The 13 C NMR signals of the 2,5-dihexadiene-1,4dione skeleton appeared at δ C 177.5 (C-1), 149.7 (C-2), 120.8 (C-3), 185.8 (C-4), 137.7 (C-5) and 145.8 (C-6), suggesting oxygenation at C-2 and C-6. The signal of a hydroxyl proton OH-2 (δ H 6.74, br. s) showed HMBC correlations (Figure 4) with signals of C-1, C-2 and C-3. The last gave long-range correlation with the signal of H 2 -7 (δ H 3.16, d, J = 7.3 Hz), which pointing to C-3 being the attachment position of the geranyl chain. The methylene proton signals of H 2 -17 (δ H , 3.12, d, J = 7.2 Hz) gave HMBC correlation with carbon signals of C-4, C-5 and C-6, which provided strong evidence that the prenyl side chain is connected to C-5. The remaining isobutyryl acid residue was deduced to be attached to C-6 with an ester bond. Thus, compound 2 was identified as (E)-4-(3,7-dimethylocta-2,6dien-1-yl)-5-hydroxy-2-(3-methylbut-2-en-1-yl)-3,6-dioxocyclohexa-1,4-dien-1-yl isobutyrate, and named maculatoquione A. Compound 3 shares the same molecular formula with 2. In addition, both compounds have similar UV and IR spectra. The signal of the hydroxyl proton OH-6 (δ H 6.75, br. s) showed HMBC correlations ( Figure 4) with signals of C-1 (δ C 177.5), C-5 (δ C 120.7) and C-6 (δ C 149.7). The hydroxyl at C-2 was esterified with isobutyric acid and thus, the structure of 3 was established as (E)-2-(3,7dimethylocta-2,6-dien-1-yl)-5-hydroxy-4-(3-methylbut-2-en-1-yl)-3,6-dioxocyclohexa-1,4-dien-1-yl isobutyrate, and named as maculatoquione B.
The molecular formula of compound 4 was established as C 26 H 36 O 5 by its HR-ESI-MS, which showed a protonated molecular ion peak at m/z 429.2641. Its UV and IR spectra were similar to those of compounds 2 and 3. 1 H-and 13 C-NMR spectra of 4 (Table 3 and 4) were almost identical to those of compound 2, but the signals of the isobutyryl moiety were replaced by signals of a 2-methylbutanoyl residue: one carbonyl (δ C 173.7), one methine (δ C 40.9, δ H 2.66), one methylene (δ C 26.6, δ H 1.85 and δ H 1.62) and two methyls [δ C 11.5, δ H 1.04 (t, J = 7.5 Hz); δ C 16.6, δ H 1.31 (d, J = 7.0 Hz)]. Thus, the structure of 4 was established as (E)-4-(3,7-dimethylocta-2,6dien-1-yl)-5-hydroxy-2-(3-methylbut-2-en-1-yl)-3,6-dioxocyclohexa-1,4-dien-1-yl 2-methylbutanoate, and named as maculatoquione C.
Compound 5 shares the same molecular formula with 4. The signal of the hydroxyl proton OH-6 (δ H 6.75, br. s) showed HMBC correlations ( Figure 4) with signals of C-1 (δ C 177.5), C-5 (δ C 120.7) and C-6 (δ C 149.7). In this case, the hydroxyl at C-2 was esterified with isobutyric acid. Thus, the structure of 5 was established as (E)-2-(3,7-dimethylocta-2,6-dien-1-yl)-5hydroxy-4-(3-methylbut-2-en-1-yl)-3,6-dioxocyclohexa-1,4-dien-1yl 2-methylbutanoate, and named as maculatoquione D.
Maculatoquiones A-D (2-5) are new natural products and show structure similarity to erectquiones that were found in H. erectum [7] . Compounds 7-10 have been previously isolated from H. empetrifolium and were identified by comparison of their spectral data [8] .
Cytotoxicity screening assay was carried out against a panel of human tumor cell lines, representative of some of the important types of neoplastic disease, namely K-562 (human chronic myeloid leukemia), SKW-3 (human T-cell leukemia, a KE-37 derivative) and BV-173 (human B-cell precursor leukemia). The tumor cells were continuously exposed to the tested compounds 1a/b, 1c, 1d, and 2-6, for 72 h and thereafter their viability was assessed by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT)-dye reduction assay. The tested compounds exerted concen- tration-dependent cytotoxicity against the tumor cell lines, causing 50% reduction of cellular viability at low micromolar concentrations (the corresponding IC 50 values are summarized in Table 5 ). All compounds were of similar potency; nevertheless, in all cell lines compound 1a/b and 1c exerted superior activity in comparison with 1d.
